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Abstract
Background: Adhesions follow abdominal surgery with an incidence as high as 95%, resulting in invalidating
complications such as bowel obstruction, female infertility, and chronic pain. Searches have been performed for a
safe and effective adhesion barrier; however, such barriers have impaired anastomotic site healing. The primary
aim of this study was to investigate the effect of a new adhesion barrier, polyvinyl alcohol gel, on healing of
colonic anastomoses using a rat model.
Methods: Thirty-two Wistar rats were divided in two groups. In all animals, an anastomosis was constructed in
the ascending colon. The first group received no adhesion barrier, whereas in the second group, 2mL of
polyvinyl alcohol gel (A-Part Gel; Aesculap AG, Tuttlingen, Germany) was applied circularly around the
anastomosis. All animals were sacrificed on the seventh post-operative day, and the abdomen was inspected for
signs of anastomotic leakage. The anastomotic bursting pressure, the adhesions around the anastomosis, and the
collagen content of the excised anastomosis were measured.
Results: No significant differences were observed between the two groups in the incidence of anastomotic
leakage, the anastomotic bursting pressure (p = 0.08), or the collagen concentration (p = 0.91). No significant
reduction in amount of adhesions was observed in the rats receiving polyvinyl alcohol gel.
Conclusions: This experimental study showed no significant differences in anastomotic leakage, anastomotic
bursting pressure, or collagen content of the anastomosis when using the adhesion barrier polyvinyl alcohol
around colonic anastomoses. The barrier did not prevent adhesion formation.
The formation of fibrous adhesions almost alwaysfollows abdominal surgery [1,2] and is a significant cause
of morbidity [3–5]. Adhesions are a physiologic response to
surgical trauma or infection that are the most common cause
of small-bowel obstruction and female infertility and may
lead to major difficulties during subsequent operative proce-
dures [6–10]. The underlying mechanism is local tissue is-
chemia and mesothelial injury produced by surgical
intervention, which disrupts the balance between coagulation
and fibrinolysis, causing fibrous bands that result in adhe-
sions [11]. Inflammation intensifies adhesion formation by
attracting and activating fibroblasts and disrupting fibrino-
lysis [12,13].
Numerous products have been tested to minimize the for-
mation of adhesions, based on barriers that separate the in-
jured surfaces long enough to allow repair without adhesions.
A new adhesion barrier consisting of polyvinyl alcohol
(PVA) and carboxymethylcellulose (CMC) gel (A-Part Gel;
Aesculap AG, B. Braun, Tuttlingen, Germany) has shown
promising results in in vitro as well as in vivo studies [14–16].
However, in past years, several anti-adhesive agents have not
entered widespread clinical use because of concerns about
their interference with anastomotic site healing [17,18]. The
primary aim of this study was to investigate the effect of the
adhesion barrier PVA on the healing of colonic anastomoses
using a rat model.
Materials and Methods
Animals
Thirty-two male Wistar rats (Harlan Laboratory, Horst,
The Netherlands), weighing approximately 400 g each were
divided randomly into two groups of 16: the control group
and the study group that received PVA gel. The study was
approved by the local ethical committee on animal welfare in
accordance with animal protection laws. Animals were kept
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under standard laboratory conditions with individually
ventilated cages and fed chow and water ad libitum
throughout the study.
Polyvinyl alcohol gel
Polyvinyl alcohol gel (A-Part Gel) consists of PVA and
CMC. The PVA is the anti-adhesion component, whereas the
CMC prevents the gel from slipping away from the operative
site. The gel acts as a barrier and is applied at the end of the
operation. Polyvinyl alcohol gel is absorbed completely in
three to four weeks, and its main route of excretion is via the
urine [19].
Study design
Animals were anesthetized by inhalation of an isoflurane-
oxygen mixture. The abdomen was shaved and cleaned with
70% alcohol. The abdominal cavity was opened through a
midline incision of 4 cm. The mesentery was cleaved 1 cm
aborally to the cecum, without damaging the vessels, after
which the colon was transected. An end-to-end anastomosis
was formed with 12 interrupted monofilament non-
absorbable polyamide 10E sutures (Dafilon 8-0; B. Braun). In
the study group, 2.0mL of PVA gel was applied around the
anastomosis; the control group did not receive any treatment.
The colon was repositioned, and the abdominal incision was
closed in two layerswith synthetic absorbable braided sutures
of polyglycolic acid (Safil 5-0, B. Braun). Post-operatively, rats
were observed and weighed daily for one week.
Outcome measurements after seven days
On the seventh post-operative day, rats were re-operated
on through a laparotomy. The abdomen was inspected for
signs of anastomotic leakage (peritonitis with visible anasto-
motic dehiscence or peri-anastomotic abscesses).
The anastomotic bursting pressure (ABP) was measured in
vivowith intact adhesions. A catheter was introduced into the
colon 2 cm proximal to the anastomosis, with the tip lying
intraluminally at the site of the anastomosis. Subsequently,
the colon was ligated proximal of the probe and distal of the
anastomosis in order to create a closed cavity. The pressure in
the cavity was increased by pumping air through the probe at
a constant rate of 100mL/h. One limb of the probe was con-
nected to a pressure transducer, measuring pressure contin-
uously during infusion. Bursting of the colon followed by a
sudden drop in pressure was considered to mark the ABP.
After measurement of the ABP, animals were sacrificed.
Adhesions around the anastomosis were evaluated in two
steps. First, the amount of adhesions was measured by de-
termining the percentage of the anastomosis covered with
adhesions. Then, the extent and characteristics of adhesions
was scored according to the system of van der Ham et al. [20],
which is presented in Table 1.
One centimeter of colonwith the anastomosis in themiddle
was excised and evaluated histopathologically. The tissue
was processed according to themethod of Creemers et al. [21].
A colorimetric hydroxyproline assay was performed to de-
termine the amount of collagen in the anastomotic tissue
samples, as hydroxyproline is a collagen-specific amino acid.
Samples were first treated with 6N acid hydrolysis, followed
by chloramine-T to oxidize hydroxyproline into pyrrol. Pyrrol
was converted into a chromophore (red) by dimethylamino-
benzaldehyde. Using a wavelength of 570 nm, the amount of
red color reflects the amount of hydroxyproline, assuming 300
hydroxyproline residues per collagen triple helix.
Statistics
The normality of the data was determined by means of the
Shapiro-Wilk test and visual assessment. Categorical data
(adhesion scores) are presented as numbers with percentages,
and numerical data are presented as means with standard
errors of the mean (normally distributed) (SEM) or medians
with interquartile ranges (not normally distributed). Differ-
ences between groups were assessed using an w2 test for cat-
egorical data (adhesion scores) or an unpaired t-test (normally
distributed) or Mann-Whitney U test (not normally distrib-
uted) for numerical data.
Results
In the control group, there were no sick or dead animals
before day 7. There was one death in the study group on day 3
secondary to dehiscence of the laparotomy. Necropsy showed
no intra-abdominal pathology. As can be seen in Figure 1,
there was no significant difference in weight loss in the two
groups.
At the time of reoperation on day 7, no signs of anastomotic
leakage were seen. There were no visual remnants of PVA gel
intra-abdominally. Themean result of the ABPmeasurements
Table 1. Scoring System According to
van der Ham et al. [20]
Score Extent and characteristics of adhesions
0 No adhesions
1 + Minimal adhesions, mainly between anastomosis
and omentum
2 + Moderate adhesions; i.e., between omentum and
the anastomotic site and between the
anastomosis and a loop of small bowel
3 + Severe and extensive adhesions, including
abscess formation
FIG. 1. Percentage of weight on day 7 compared to day 0
(mean with SEM).
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can be seen in Figure 2: 155.0– 6.7mm Hg in the PVA group
and 173.0– 7.5mm Hg in the control group. This difference
was not statistically significant (p= 0.08). All burstings were at
the anastomosis. Themedian circumference of the anastomosis
coveredwith adhesionswas 90% (range 70%–100%) in the PVA
group, and 80% (70%–83.8%) in the control group (Fig. 3). This
difference was not statistically significant (p= 0.30). The results
of the extent and characteristics of the adhesions covering the
anastomosis can be found in Table 2. Adhesion scores in the
PVA and the control group were not statistically different
(p= 0.39). The median quantity of collagen per mg of dry
weightwas 7.9mcg (range 6.8–12.9mcg) in the PVAgroup and
8.9mcg (6.7–9.4mcg) in the control group (Fig. 4). This differ-
ence was not statistically significant (p= 0.91).
Discussion
Adhesions are fibrous bands that form between two
damaged peritoneal surfaces that normally are separated. In
1973, Raftery showed that injury of the serosal layer of the
peritoneum leads to an inflammatory exudate followed
by fibrin deposition, which is the beginning of adhesion
formation [22]. The precise underlying mechanism is com-
plex: The clotting pathway, extracellular matrix proteins,
and various cytokines and growth factors are involved [23–
25] with eventual production of a fibrin matrix with fibro-
blasts and collagen that creates the adhesions. Fibrinolytic
activity resolves this fibrin matrix [26,27] and is necessary for
a balance between the formation and breaking down of fi-
brous deposits. However, fibrinolysis is reduced by inflam-
mation and infection, and thus the balance is disturbed after
surgery, particularly when surgery is followed by an infec-
tious complication.
Adhesions are a frequent problem after abdominal surgery,
with an incidence as high as 95%, resulting in important and
invalidating complications such as bowel obstruction, female
infertility, and chronic pain [6–8,10,22,23]. In addition to their
undesirable clinical impact, adhesions are associated with
substantial increases in health cost, as has been shown by
large trials on adhesion-related readmissions conducted by
Ellis et al. [3] and Parker et al. [4]. Therefore, adhesion pre-
vention would be a highly valuable extension of surgical
interventions, as surgical trauma is one of the most important
triggers of the formation of adhesions.
Several ways of adhesion prevention have been studied,
the majority involving intra-abdominally applied adhesion
barriers with the goal of separation of the damaged peritoneal
surfaces. The adhesion barrier used in this gastrointestinal
study, PVA, is used in many other medical specialties [28–30]
and has a solubility, biocompatibility, and inactivation in
body fluids properties that makes it a suitable adhesion bar-
rier [31]. PVA diminishes adhesions in vitro, after spinal
surgery, and after tendon surgery [31–33]. To improve quality
of adherence of the barrier to the viscera, CMC was added to
PVA gel. Jaenigen et al. [14] showed in a rabbit sidewall model
FIG. 2. Anastomic of bursting pressure (mm Hg) (mean
with SEM).
FIG. 3. Circumference of the anastomosis covered with
adhesions (%) (median with interquartile range).
Table 2. Adhesions Scores
Adhesions
score
Treated
(n= 15)(%)
Control
(n= 16)(%)
P
value
0 0 0
1 3 (20) 1 (6.3)
2 9 (60) 13 (81.3)
3 3 (20) 2 (12.5) 0.39
FIG. 4. Collagen (mg collagen per mg dry weight) (median
with interquartile range).
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that this PVA-CMC gel diminishes adhesions compared with
untreated controls and animals given 4% icodextrin. Lang
et al. [15] found similar results in their rabbit sidewall model;
significantly fewer adhesions were present in rabbits treated
with PVA-CMC gel than in those given 4% icodextrin and in
controls. Good results also were obtained in their re-laparot-
omy model [16].
However, if an adhesion barrier is capable of diminishing
fibrin deposition to a sufficient extent to prevent adhesions,
it is essential to show that healing, which also relies on fibrin
deposition followed by collagen formation, is not impaired.
The consequence of impaired healing of a gastrointestinal
anastomosis is leakage, leading to abscesses or peritonitis
with a mortality rate between 10% and 20%. This life-
threatening complication makes the balance between
diminishing adhesions and encouraging incision healing
crucial in gastrointestinal surgery. Previous studies have
emphasized this fragile balance through results showing
more anastomotic leakage in patients receiving a hyaluronic
acid (HA) and CMC anti-adhesive film. Initial results with
this film were promising, with an impressive reduction of
50% in the number of adhesions to the midline incision.
Following these results, a randomized safety study was
performed by Beck et al. [17] with 1,791 patients undergoing
abdominopelvic surgery. This study showed there were
significantly more abscesses, anastomotic leakages, and
peritonitis cases in the patients with the HA-CMC film.
Subgroup analysis of all patients with anastomoses showed
the placement of HA-CMC film directly on the anastomosis
increased the risk of anastomotic leakage compared with
control subjects, whereas there was not a problem when the
HA-CMC film was not placed on the anastomosis. An ex-
perimental study with the same anti-adhesive film showed
that wrapping it around an irradiated bowel anastomosis in
rats resulted in significantly more peri-anastomotic ab-
scesses than were seen in non-treated controls [18]. Such
results stress the importance of testing adhesion barriers in
situations where impairment of healing has severe and po-
tentially life-threatening consequences.
The aim of this study was to investigate the effect of PVA-
CMC gel (A-Part Gel) on healing and strength of colonic
anastomoses in a rat model. The model, with a 12-suture
anastomosis in the colon, represents normal healing of an
anastomosis without leakage. No difference in weight loss
was observed in rats with and without PVA gel, nor were
there any signs of anastomotic leakage in either group. No
significant differences in ABP were observed. One dead ani-
mal was found at day 3. The death probablywas not related to
the A-Part Gel, as there was dehiscence of the laparotomy,
and the stitch was bitten through. Measurements of collagen
showed no significant differences between PVA rats and
controls after seven days, indicating this adhesion barrier
does not interact with collagen synthesis during wound
healing. The seventh post-operative day was chosen for col-
lagen measurement and ABP, as collagen synthesis is greatest
between the fifth and the seventh post-operative days, and
anastomotic strength depends mainly on newly formed
collagen [34].
This study has several weaknesses. Pre-study power anal-
ysis showed 16 animals per group to be sufficient; however, a
power analysis always implies some theoretical supposition.
With a p value of 0.08, a trend toward more anastomotic
leakage in the study group cannot be excluded completely.
Therefore, more research with A-Part Gel and intestinal
anastomoses is necessary. Also, the effect of the coverage of
the anastomoses with adhesions is not certain. In our rodent
model, we practically always see a large area of coverage of
the anastomosis by adhesions on day 7, with the adhesions
coming mainly from omentum attached to suture material
and anastomotic edges, without anastomotic leakage. Adhe-
sion formation in this setting may be secondary to a foreign-
body reaction to suture material, which differs from the re-
sponse seen to bacterial soiling or blood clot. Lauder et al. [35]
and Silva et al. [36] have observed similar results: Persistence
of adhesions to the anastomosis in both the control group and
the adhesion-barrier group. In this study, we saw coverage of
the anastomosis with adhesions in both groups; therefore,
whether there is an influence of these adhesions on anasto-
motic leakage cannot be known. In ourmodel, no reduction of
adhesions was found. However, the effect of PVA gel on ad-
hesions has been described in several studies using the side-
wall model, with excellent results as defined by adhesion
reduction.
In conclusion, this randomized study in rats showed no
significant differences in anastomotic leakage, anastomotic
bursting pressure, or collagen content of the anastomosis
when the adhesion barrier PVA gel was delivered around
colonic anastomoses. There appeared to be no effect on ad-
hesion formation.
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